Introduction
============

The World Health Organization has reported that 1.27 million fatal road traffic injuries and 20--50 million non-fatal injuries occur as a result of road traffic accidents annually.[@b1-ndt-11-2049],[@b2-ndt-11-2049] Moreover, road traffic injuries are responsible for 85% of deaths and 90% of disability-adjusted life years in low-income and middle-income countries (LMICs).[@b3-ndt-11-2049] In most LMICs, compared with high-income countries, a much higher proportion of road users are pedestrians, bicyclists, and motorcyclists, and half of fatal road traffic injuries in LMICs occur among motorcyclists.

The psychiatric and psychological aspects of injury are an important field of study in accidentology. Psychological and psychiatric factors have been investigated both as predictors and as consequences of injury.[@b3-ndt-11-2049]--[@b9-ndt-11-2049] Attention-deficit hyperactivity disorder (ADHD) is a childhood-onset psychiatric disorder. However, it is also relatively common in adults, with a prevalence reaching up to 5% in the general population.[@b10-ndt-11-2049] ADHD has been shown to be associated with suicide, addiction, increased criminality, injury, and risky behaviors. Risky behaviors in patients with ADHD are due to impaired impulse control because of problems with inhibition of prepotent responses, control of interference, and the stopping of ongoing responses after feedback on errors.[@b11-ndt-11-2049]--[@b14-ndt-11-2049] Moreover, sleep problems are a common feature in ADHD patients, and have been shown to impair daytime behavior in ADHD, as well as the related emotional liability and a high variation in erroneous behavior.[@b15-ndt-11-2049],[@b16-ndt-11-2049] Studies on the role of ADHD in traffic injuries specifically focusing on the mechanism of the accident are rarely available. Although no precisely synthesized evidence of the role of ADHD in traffic injuries or the exact magnitude of such an effect exists, there are several studies emphasizing an association between ADHD and traffic injuries.[@b3-ndt-11-2049],[@b8-ndt-11-2049],[@b17-ndt-11-2049]--[@b19-ndt-11-2049] The aim of this study was to assess the association of motorcycle traffic injuries with the motorcycle riding behavior and subtypes of ADHD while controlling for individual correlates of motorcycle traffic injuries.

Materials and methods
=====================

A case-control study was carried out in 298 patients with motorcycle trauma and 151 control patients admitted to the Shohada and Imam Reza university hospitals as the two specialty referral centers in East Azerbaijan Province of Iran. Tabriz is in the center of East Azerbaijan Province. The data collection was carried out in 2013. The inclusion criteria were: Being the rider of a motorcycleBeing admitted to Shohada University Hospital or Imam Reza University Hospital in Tabriz, IranBeing injured due to a motorcycle traffic accident (for cases)Being admitted for a non-traumatic condition (for controls)Consenting to participate in the study.

The exclusion criteria included: No psychiatric disease except for adult ADHDVery severe injury preventing interview during the hospital stayCognitive disorder that would render the interview unreliable.

A convenience sampling method was used to select the subjects. Samples were enrolled trying to ensure the common source population and independence of exposure from selection principles in selection of controls in case-control studies.[@b20-ndt-11-2049] The controls were age-matched with cases using a frequency matching technique. Because of the unavailability of an adequate number of controls who met the eligibility criteria, cases were enrolled in a twofold number of controls. The variables assessed in this study were: Demographic characteristics, including age (categorized as \<20, 21--24, 25--29, 30--39, and \>40 years), marital status, and educational level (illiterate, primary school, high school)Human-related variables, including the injured organ, ADHD score, motorcycle riding behavior score, the reason for riding a motorcycle, the purpose of motorcycle riding (just for fun or for other purpose), helmet use (yes, no), daily amount of riding, weekly amount of riding, riding at night, and having a motorcycle rider licenseEnvironment-related variables, including weather conditions at the time of the accident, the shape of the road, and time of day.

The Persian version of the Motorcycle Riding Behavior Questionnaire was used to assess risky behaviors on the part of the motorcycle riders. It is a valid and reliable questionnaire with 48 items, each having a five-item Likert-scaled answer. It has been translated into Persian and validated by Motevalian et al.[@b21-ndt-11-2049] The Persian version of Conner's Adult ADHD Rating Scales (the self-report short version, PCAARS-S:SV) was validated by Sadeghi-Bazargani et al and is used to screen for adult ADHD.[@b22-ndt-11-2049],[@b23-ndt-11-2049] The scale has four subscales, ie, subscale A (inattention), subscale B (hyperactivity, impulsivity), subscale C (A + C), and subscale D (ADHD index). The symptomatology of the scale is based on the *DSM-IV* (*Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition*). However, the diagnostic criteria for ADHD in the *DSM-5* (*Diagnostic and Statistical Manual of Mental Disorders, 5th Edition*) are similar to those in the *DSM-IV*.[@b24-ndt-11-2049] The items on the four subscales are summated as follows. Subscale A: I1 + I9 + I13 + I14 + I19 + I21 + I26 + I29 + I30Subscale B: I2 + I4 + I6 + I8 + I16 + I18 + I22 + I25 + I27Subscale C: A + BSubscale D: I3 + I5 + I7 + I10 + I11 + I12 + I15 + I17 + I20 + I23 + I24 + I28.

Descriptive analysis and bivariate tests of association were used prior to multivariate binomial regression analysis to estimate the adjusted odds ratios of ADHD and risky riding behavior scales. *P*\<0.05 was considered to be statistically significant. Statistical analyses were carried out using Stata version 11 software. The study was approved by the ethics committee at Tabriz University of Medical Sciences. Written informed consent was obtained from all study participants.

Results
=======

A total of 449 subjects, all of whom were male motorcycle riders, were included in the study. The mean age of the participants was 29.9±10.9 years. Nearly 54% of the participants were married and 13% had academic education. Approximately 29% of the participants were Tabriz inhabitants, 5% were from other provinces, and the remainder were from other districts in East Azerbaijan Province. The difference in baseline ratios between the case and control groups was not statistically significant.

Approximately 18% of the motorcycle riders stated that their motorcycle riding was only for fun purposes. More than two third of participants did not have a motorcycle riding license. Approximately 31% of subjects never used a helmet while riding, 29% stated that they always used a helmet, and the remainder did not always use a helmet. The majority of motorcycles belonging to the participants (71.5%) had an engine size of 100--125 cc. The mean riding time per week was 5.7±0.1 days and this was not different between the groups. Approximately 413 (94%) subjects had been riding a motorcycle for at least one year prior to the study. Only 9% of cases versus 22% of controls had an academic education (*P*\<0.001). Cases were significantly more likely to be married than single (*P*\<0.05). One hundred three (34.5%) of cases versus 35 (24.4%) of controls stated that they have never used helmets while riding a motorcycle (*P*\<0.05). Riding a motorcycle with an engine size smaller than 100 cc was associated with a lower likelihood of motorcycle traffic injuries (*P*\<0.05). Those who rode a motorcycle only for fun purposes rather than for other reasons were more likely to be injured (*P*\<0.05). Multivariate statistical analysis was done according to four multivariate logistic regression models, the results of which are presented in [Table 1](#t1-ndt-11-2049){ref-type="table"}. The first model was developed without taking into account behavioral and psychological risk indicators. The second model included ADHD scores as a whole and according to ADHD subtype. The fourth model assessed the predictive role of the behavioral scale score. Higher income and higher educational level remained statistically significant in all the four models, meaning that these two variables act as protective factors independent of psychological and behavioral scale score.

Discussion
==========

It was found in this study that if the ADHD index (subscale D) score was used to assess the association of ADHD with motorcycle injuries in multivariate analysis, a preventive role for ADHD could be observed. However, assessment of the two other subscales showed a different predictive pattern for subscale A versus subscale B. Although studies specifically assessing road traffic injuries are limited, the available evidence from observational studies, mostly involving children[@b25-ndt-11-2049]--[@b34-ndt-11-2049] and some in adults,[@b18-ndt-11-2049],[@b19-ndt-11-2049],[@b35-ndt-11-2049],[@b36-ndt-11-2049] suggests that we should expect an increased likelihood of injuries in people with ADHD. Generally, we could consider lack of concentration, impulsivity, lack of vigilance, and risk-taking to be plausible mechanisms for traffic injuries in these individuals. However, in the current study, the ADHD symptoms associated with the two ADHD subtypes showed a different pattern of association with motorcycle injuries. Although more research is needed to understand the reason behind this difference, several explanations may be put forward to account for the observed pattern, at least in part. Riding a motorcycle is generally considered to be a risky behavior in Iran, with 25%--30% of the total road traffic accident mortality being due to motorcycle injuries. Even having a motorcycle is expected to be more likely among subjects with ADHD, who usually have a higher tendency for risk-taking behavior. The control group in this study also comprised motorcycle riders but without injury, and this in turn may affect the association of ADHD often toward dilution of the observed association, but may also have some other effects recommended to be investigated in future research comparing two groups of control subjects who ride a motorcycle or lack motorcycles. The difference between motorcycle injuries and other types of traffic injuries, such as those sustained by pedestrians, seems to indicate a greater role of intentional risk-taking behavior rather than distraction. Therefore, those with higher subscale B ADHD scores may be at higher risk of motorcycle injury. Third, approximately 40% of road traffic mortality occurs either at the crash site or on the way to hospital, so the large proportion of individuals who die before admission to hospital could not be captured in this study; if we assume that people with ADHD are likely to have more severe injuries, then an underrepresentation of ADHD in our cases may be expected, leading either to underestimation of the odds ratio or even reverse associations. Fourth, the PCAARS-S:SV is not well tested in the elderly or in those under 18 years of age.

In the present study, the score based on motorcycle rider behavior was found to be associated with motorcycle injuries. Psychological explanations for risky behavior among young people have been discussed from various perspectives, including the psychodynamic approach, the cognitive approach, and the character and human motivation approach. The psychodynamic approach includes all the theories in psychology that see human functioning as being based on the interaction of drives and forces within the person and within different structures of personality. Bowlby's attachment theory and Freud's theories are included in this category. In the cognitive approach, there are two theories, ie, patterns of criminal thinking and Festinger's theory of cognitive dissonance. Zuckerman's sensation-seeking theory presents a personality trait characterized by seeking varied, novel, complex, and intense experiences and feelings provoking physical, social, legal, and financial risk-taking. Although all these psychological experiences have a theoretical framework, the sensation-seeking theory seems the most relevant one and appears to have a plausible link with ADHD and risk-taking motorcycle riding behaviors.[@b8-ndt-11-2049],[@b37-ndt-11-2049]--[@b40-ndt-11-2049]

Other predictors of motorcycle traffic injury were also investigated in the present study, and it was found that variables related to socioeconomic status, and in particular educational level, could be either risk factors or protective factors associated with motorcycle injuries. We found a significant association between being married and motorcycle injuries, which is difficult to explain. One explanation could be that married people are more likely to be riding a motorcycle during peak hour traffic or this may be related to their job or their communication or relationships are affecting their concentration while riding. Although little is known about crash patterns involving motorcycle injuries during the rush hour, it has been shown that driving during the morning rush hour triggers aggressive driving behavior and that mobile phone use while driving is more common during the rush hour.[@b41-ndt-11-2049],[@b42-ndt-11-2049] The reason for riding a motorcycle was a determinant of risk of injury in this study, eg, subjects riding a motorcycle just for fun purposes were more likely to have a motorcycle traffic injury than those riding for other or mixed reasons. Risky behaviors are expected to be more frequent among people riding a motorcycle just for fun, and safety promotion interventions may need to be different for these people. Behavior while riding a motorcycle for fun may be considered as a cause of motorcycle accidents. Young people, who ride a motorcycle just for fun, are interested in excitement gained through riding at high speeds and getting engaged in speed contests. This is also a way for them to attract the attention of bystanders.[@b43-ndt-11-2049] In Iran, perhaps due to shortage of facilities for recreation, young people consider motorcycle riding in the streets as a means of having fun. Given that young age and using motorcycle for fun are both high-risk behaviors, more intervention programs may be needed for young people. The scenario becomes complicated with addition of the psychological tendency for risk-taking in ADHD and in other psychological conditions that predispose individuals to a higher risk of motorcycle injury. Identification of psychological and behavioral risk factors for motorcycle traffic injuries could be considered as a potential step forward in safety promotion programs targeted to motorcycle riders.

Conclusion
==========

Riding behavioral scale and ADHD subscale B scores along with age, educational level, and reason for motorcycle riding could be considered as potential determinants of motorcycle injuries. Future studies without restricting controls to being motorcycle riders are recommended.
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Multivariate binary logistic analysis of the potential determinants of motorcycle traffic injuries

  Determinants                                                                             OR                *P*-value   95% CI     
  ---------------------------------------------------------------------------------------- ----------------- ----------- ---------- ----------
  **Model 1** Determinants excluding the psychiatric and risky riding behavior variables                                            
  Riding just for fun                                                                      1.850219          0.054       0.98846    3.46327
  Academic education                                                                       0.377645          0.001       0.20838    0.68439
  Income group                                                                                                                      
  \<5,000,000 IRR                                                                          Reference group                          
  5,000,000--10,000,000 IRR                                                                0.484747          0.006       0.28887    0.81342
  10,000,000--15,000,000 IRR                                                               0.393120          0.011       0.19135    0.80763
  15,000,000--20,000,000 IRR                                                               0.330615          0.186       0.06400    1.70768
  \>20,000,000 IRR                                                                         0.232304          0.089       0.04318    1.24959
  Married                                                                                  1.591384          0.034       1.03642    2.44349
  Daily riding amount                                                                                                               
  Driving ≤1 hour a day                                                                    Reference group                          
  Driving \>1 and ≤3 hours a day                                                           0.7647993         0.27        0.47502    1.23134
  Driving \>3 hours a day                                                                  0.487953          0.026       0.25986    0.91625
  **Model 2** ADHD scale as the main exposure of interest                                                                           
  PCAARS-S:SV ADHD index                                                                   0.9219077         0.001       0.87857    0.967383
  Academic education                                                                       0.4199497         0.018       0.205294   0.859051
  Income group                                                                                                                      
  \<5,000,000 IRR                                                                          Reference group                          
  5,000,000--10,000,000 IRR                                                                0.4557293         0.015       0.241352   0.860523
  10,000,000--15,000,000 IRR                                                               0.3244573         0.01        0.13725    0.767014
  15,000,000--20,000,000 IRR                                                               0.2690947         0.118       0.051945   1.394009
  \>20,000,000 IRR                                                                         0.23222           0.24        0.01964    2.74544
  **Model 3** Subtypes of ADHD scale as the main exposure                                                                           
  Subscale A PCAARS-S:SV                                                                   0.7583469         0.001       0.69395    0.82871
  Subscale B PCAARS-S:SV                                                                   1.132599          0.003       1.04260    1.23036
  Academic education                                                                       0.4019177         0.027       0.17916    0.90162
  Income group                                                                                                                      
  \<5,000,000 IRR                                                                          Reference group                          
  5,000,000--10,000,000 IRR                                                                0.3411341         0.002       0.171282   0.679421
  10,000,000--15,000,000 IRR                                                               0.2873732         0.01        0.11075    0.74567
  15,000,000--20,000,000 IRR                                                               0.2479655         0.147       0.03769    1.63140
  \>20,000,000 IRR                                                                         0.1495731         0.165       0.01020    2.19234
  Riding just for fun                                                                      2.222954          0.04        1.03902    4.75594
  **Model 4** Motorcycle riding behavior scale as the main exposure of interest                                                     
  Normalized riding behavior score                                                         1.215413          0.031       1.017894   1.451258
  Academic education                                                                       0.4003091         0.003       0.220126   0.727982
  Income group                                                                                                                      
  \<5,000,000 IRR                                                                          Reference group                          
  5,000,000--10,000,000 IRR                                                                0.515724          0.012       0.306797   0.866928
  10,000,000--15,000,000 IRR                                                               0.3479656         0.004       0.169973   0.712349
  15,000,000--20,000,000 IRR                                                               0.3231123         0.169       0.064608   1.615926
  \>20,000,000 IRR                                                                         0.3229615         0.24        0.04901    2.128213
  Riding just for fun                                                                      1.957745          0.036       1.043736   3.67216

**Abbreviations:** ADHD, attention-deficit hyperactivity disorder; CI, confidence interval; IRR, Iranian Rial; OR, odds ratio; PCAARS-S:SV, Persian version of Conner's Adult ADHD Rating Scales (the self-report short version).
